Hip arthroscopic surgery is a growing surgical procedure that is used to treat a variety of debilitating hip conditions, including acetabular labral tears and femoroacetabular impingement (FAI). 2 Multiple studies have shown the benefit of hip arthroscopic surgery to treat FAI based on improvements in postoperative patient-reported outcomes (PROs) using surveys that assess hip pain and functionality. 2, 10, 12 The incidence of hip arthroscopic surgery performed from 2006 to 2010 has increased by over 600% based on an analysis of the American Board of Orthopaedic Surgery database. 3 Additionally, a retrospective cross-sectional analysis revealed a 250% increase in hip arthroscopic surgery procedures from 2007 to 2011 in the United States in patients across all age groups. 35 The rapidly increasing trend of hip arthroscopic surgery suggests an increased awareness of diagnoses in patients who may benefit from the procedure and also an increased emphasis in training new surgeons to be well versed in this technique. 7 Hip arthroscopic surgery is a challenging procedure because of the spatial constraints of the joint and its surrounding capsule, demanding a high level of technical proficiency. 24, 25 Few studies have investigated the relationship between surgeon experience and patient outcomes for newly trained surgeons because data are rarely collected from their first surgery. Two studies of FAI demonstrated that complication rates in hip arthroscopic surgery decreased with experience 31 and that lower complication rates occurred with a newly trained surgeon under supervision compared with a newly trained unsupervised surgeon, suggesting a need for supervision early in a surgeon's career. 9 However, a retrospective study of a single surgeon's experience found that there was no significant change in the incidence of complications based on surgeon experience. 36 Because overall complication rates of hip arthroscopic surgery are low, 20 measuring PROs may provide a better understanding of a patient's pain and functional status postoperatively. 34 Konan et al 19 assessed a single surgeon's experience by analyzing Non-Arthritic Hip Score (NAHS), operation time, and complication rate and estimated that there was a learning curve of approximately 30 cases, as there was an increase in postoperative NAHS values between the early and late cases. An additional study by Lee et al 22 investigated a surgeon's experience using the modified Harris Hip Score (mHHS) and concluded that the surgeon required approximately 20 cases to achieve satisfactory mHHS value improvements.
Because of the small number of studies using PRO surveys to investigate surgeon experience and patient outcomes, it is unclear whether a newly trained surgeon's early hip arthroscopic surgery cases will have different outcomes than the surgeon's later cases. We aimed to conduct a prospective analysis of a sports medicine fellowshiptrained surgeon's first independently performed hip arthroscopic surgery cases in practice to evaluate the relationship between surgeon experience and patient outcomes for the arthroscopic treatment of FAI. The primary outcomes measured in this study were PRO scores, and secondary outcomes included operation times and complication rates. We hypothesized that the early group of patients would have significantly worse PRO scores and an increased number of complications as well as longer procedure and traction times compared with the later group of patients.
METHODS

Patient Selection and Data Collection
Patients undergoing hip arthroscopic surgery for symptomatic FAI by a single sports medicine fellowship-trained orthopaedic surgeon (A.L.Z.) were prospectively enrolled. The surgeon completed fellowship training at the same institution before his appointment as faculty, but hip arthroscopic surgery training was not emphasized during his fellowship, as there was not a previous faculty member who specialized in sports injuries of the hip. All patients provided consent before enrollment, and the study protocol was reviewed and approved by the institutional review board. Inclusion criteria consisted of patients diagnosed with symptomatic pincer, cam, or mixed-type FAI with failure of conservative management and physical therapy. Although all except 1 patient also had labral abnormalities, this finding was not a specific inclusion criterion. Intraarticular injections were used for diagnostic and therapeutic purposes before arthroscopic surgery, but this was also not a strict inclusion criterion as some patients refused injections and elected for surgical treatment after failing physical therapy. Exclusion criteria included patients with hip dysplasia, osteoarthritis, hypermobility, and non-FAI surgery.
During the surgeon's first 15 months of practice, 62 cases of arthroscopic FAI treatment were performed on patients who met the inclusion and exclusion criteria. All cases were performed without assistance or supervision by other faculty. Postoperatively, 2 patients were lost to follow-up (patients 43 and 46). The remaining 60 cases were divided into an "early" group, consisting of the first 30 consecutive cases performed by the surgeon, and a "late" group, consisting of the second 30 cases. Groups were stratified to 30 cases each based on previous studies of hip arthroscopic surgery that determined that a surgeon requires approximately 30 cases to demonstrate improved operating efficiency and lower complication rates. 19, 37 However, the true cutoff point for improvement has yet to be validated in the literature because of the limited number of studies that examine surgeon hip arthroscopic surgery experience with PROs as a primary measure.
14 Therefore, we decided to explore 30 cases as the cutoff number in our study that includes PROs as a primary measure in FAI treatment.
There were 58 primary cases as well as 2 revision cases of primary hip arthroscopic surgery performed at outside institutions (1 in the early group and 1 in the late group). All postoperative data were analyzed at 1-year follow-up. A 1-year follow-up was utilized because of previous studies demonstrating that the minimal clinically important difference and substantial clinical benefit after the arthroscopic treatment of FAI were achieved within 1 year of surgery. 28, 29 Patient demographics such as age, sex, and body mass index were recorded. The radiographic evaluation for all patients included preoperative and postoperative radiographs of the pelvis in the supine anterior-posterior plane, Dunn lateral 45 views, and preoperative magnetic resonance imaging of the affected hip. 32 The surgeon conducted a detailed physical examination on affected hips preoperatively and at the time of latest follow-up in the clinical setting.
Surgical Procedure
All hip arthroscopic surgery procedures were performed in the ambulatory surgery center of a tertiary referral academic center. The patient was placed supine on the operating table, and the indicated hip was placed in traction. 6, 17 The physician used 2 portals during the procedure (anterolateral and midanterior). Intraoperative data that were recorded included procedures performed, total procedure time (skin incision to skin closure), and traction time. Intraoperative grading of the acetabular cartilage condition, femoral cartilage condition, and labrum condition was performed based on the classification of Beck et al. 1 Fluoroscopy was used to visualize portal placement and to confirm adequate cam and/or pincer resection. The surgeon utilizes limited capsulotomy and does not regularly perform capsular repair. Any intraoperative and postoperative complications were also recorded. Postoperatively, patients were restricted to touchdown weightbearing for 2 weeks without bracing. Patients attended postoperative physical therapy for 12 to 20 weeks.
Patient-Reported Outcomes
PRO scores were prospectively collected for each patient preoperatively and at 3 months, 6 months, and 1 year after surgery. Patients completed 3 PRO surveys: the 12-item Short Form Health Survey (SF-12), the mHHS, and the Hip disability and Osteoarthritis Outcome Score (HOOS). These PRO surveys have been validated in past studies of hip arthroscopic surgery outcomes to assess a patient's pain, functional status, and quality of life. 18, 34 The SF-12 contains a physical component summary (PCS) and a mental component summary (MCS) to assess general healthrelated quality of life. 11, 15, 16, 38 The mHHS produces a single score assessing hip function. 5, 13 The HOOS has 5 subscales: symptoms, pain, activities of daily living (ADL), sport, and quality of life (QOL). 26, 27 In addition, patients rated their pain preoperatively and postoperatively on a visual analog scale (VAS) from 0 to 10, with 0 referring to no pain and 10 referring to the most pain. All data were collected in REDCap (version 7.0.19; Vanderbilt University).
Statistical Analysis
An a priori power analysis was performed based on results of a previous study that used similar PROs in hip arthroscopic surgery as their main outcome of interest. 8 To adequately power the study to 1 -b ¼ 0.80, it was found that 21 patients were needed for each group for the mHHS and 19 patients needed for each group for the HOOS. 8 An unpaired Student t test was used to calculate statistical significance between preoperative and postoperative values, significance in the change in preoperative and postoperative scores between the early and late groups, and significance in demographic variables. A Pearson chi-square test was used to assess significance between categorical variables such as sex, affected hip side, and impingement type (cam, pincer, or mixed). A P value <.05 was considered statistically significant for all calculations. A post hoc power analysis conducted for the mHHS resulted in a power value of 93%. All statistical computations were conducted in StatPlus:mac (version v6; AnalystSoft Inc). SF-12 scores were calculated, with permission, using RAND VR-12 scoring programs in R software (version 3.4.0; R Foundation for Statistical Computing).
RESULTS
Demographics
Demographic findings are provided in Table 1 . A total of 60 hip arthroscopic surgery procedures in 58 patients were included for analysis. Thirty hips each were included in the early and late groups. All patients met a minimum 1-year follow-up, and postoperative data analysis was performed at the 1-year follow-up time point. There was no significant difference between the early and late groups in age (37.2 ± 11.5 vs 35.3 ± 10.8 years, respectively; P ¼ .489), body mass index (25.6 ± 4.0 vs 25.1 ± 4.5 kg/m 2 , respectively; P ¼ .615), sex (15 female and 15 male vs 13 female and 17 male, respectively; P ¼ .465), involved hip side (P ¼ .715), or isolated cam versus mixed type (there were no cases of isolated pincer type; P ¼ .194).
Radiographic Findings
Radiographic findings are provided in Table 2 . Preoperatively to postoperatively, there was a significant decrease in both the early and late groups for alpha angle (61. . There was no change between the preoperative and postoperative Tö nnis grades in either group. In the early and late groups, 59 hips had a labral injury in addition to FAI. There was no significant difference in the change (difference between postoperative and preoperative values) in alpha angle and the change in LCEA between the early and late groups (Table 3) . 
Physical Examination Findings
Physical examination findings are provided in Table 2 . The preoperative to postoperative passive range of motion was significantly improved only for internal rotation in both the early and late groups (15.2 ± 8.2 to 27.1 ± 5.4 [P < .0001] vs 19.5 ± 5.8 to 28.0 ± 3.7 [P < .0001], respectively). There was no significant improvement in preoperative to postoperative hip flexion, extension, and external rotation or strength in flexion, extension, abduction, or adduction for the early and late groups. There was no significant difference in the change in passive range of motion between the early and late groups for flexion, extension, and internal rotation; however, the change in external rotation in the early group was significantly worse compared with the late group (-3.3 ± 7.7 vs 1.1 ± 6.4 , respectively; P ¼ .024) ( Table 3) .
Intraoperative Findings and Complications
Intraoperative findings are provided in Table 4 . In the early group compared with the late group, there was a significant increase in procedure time (119.3 ± 21.0 vs 99.0 ± 28.6 minutes, respectively; P ¼ .002) and traction time (72.7 ± 21.4 vs 59.0 ± 16.7 minutes, respectively; P ¼ .007). Four postoperative complications in the form of transient neurapraxia were reported in the study (6.7%). The early group had 1 case of lateral femoral cutaneous nerve palsy and 1 case of pudendal nerve palsy. The late group suffered 2 cases of lateral femoral cutaneous nerve palsy. All neurapraxia complications resolved within 4 weeks. One patient in the early group required revision labral repair 1 year postoperatively after suffering a new traumatic injury (1.7%). No patients converted to total hip arthroplasty, and no deep vein thrombosis occurred in this cohort. 
Patient-Reported Outcomes
Preoperative and 1-year postoperative PRO findings are provided in Table 5 and Figure 1 . There was a significant improvement from preoperative to postoperative scores in both the early and late groups for the VAS pain, SF-12 PCS, mHHS, HOOS-symptoms, HOOS-pain, HOOS-ADL, HOOS-sport, and HOOS-QOL (all P .005). There was no change in the SF-12 MCS. There was no significant difference in the change in PRO scores between the early and late groups for all PRO surveys (Table 3 and Figure 2 ). Two patients in the early group and 3 patients in the late group did not complete either a preoperative or postoperative PRO survey, and their data were excluded from the respective change in PRO score analysis.
DISCUSSION
Hip arthroscopic surgery is technically challenging but offers advantages compared with open surgery for FAI because of its minimally invasive nature. 21, 30 As previous studies have noted a steep learning curve for hip arthroscopic surgery, 9, 19, 22, 31 the purpose of this study was to prospectively evaluate the relationship between surgeon experience and patient outcomes for hip arthroscopic surgery in the setting of FAI. We found that although the total procedure time and traction time may decrease after a surgeon's first 30 hip arthroscopic surgery cases for FAI and labral tears, PROs can improve regardless of surgeon experience.
The significantly decreased total procedure time and traction time in the late group compared with the early group indicated that accrued surgeon experience after 30 cases affected operating room efficiency. The decreased total procedure time is consistent with the learning curve study findings of Konan et al 19 and Lee et al. 22 Complication rates in our study were similar between the early and late groups (6.7%), which differed from previous studies that showed a higher complication rate in a newly trained surgeon's first set of cases. 9, 19, 31 One reason for this finding may be that although increased operative time has been associated with increased complications in hip arthroscopic surgery, it is traction time longer than 2 hours that has been most closely linked with postoperative complications. 4, 23 In our study, although traction time was longer in the early group by a mean of 14 minutes compared with the late group, it was still well below 2 hours (averaging 73 minutes). This may support the low complication rates in both the early and late groups despite longer procedure and traction times for this surgeon's first 30 cases.
Further, to our knowledge, no previous studies of surgeon experience have evaluated the relationship of traction time and multiple PRO surveys on the arthroscopic treatment of FAI. Our results demonstrate that although operation and traction times decreased with surgeon experience, PRO scores improved in a similar manner after hip arthroscopic surgery in both the early and late groups. When examining PRO scores, Konan et al 19 and Lee et al 22 also demonstrated improved preoperative to postoperative scores in both early and late surgery groups. However, patients had higher postoperative NAHS values 19 or had lower defined failure rates on the mHHS 22 as the surgeon gained experience, which the studies attributed to the learning curve. In our study, the late group demonstrated a similar change in PRO scores compared with the early group. Therefore, we cannot conclude that the late group had superior PRO scores. Our study used the mean change in preoperative and postoperative scores to measure improvement, which differs from many studies that compared only postoperative PRO scores. 10, 12, 19, 22 Evaluating the mean change in values may be a better way of illustrating improvement because if the patient started at a lower preoperative score, this method captures his or her progress regardless of the final postoperative score. Additionally, our study benefited from the use of multiple PRO surveys instead of one and only evaluated patients treated for FAI and labral injuries.
The improvement from preoperative to postoperative PRO scores in our study was similar to other hip arthroscopic surgery studies for FAI treatment. For example, the mean change for the early and late groups in SF-12 PCS (12.1 and 12.2, respectively) and SF-12 MCS (7.5 and 0.7, respectively) scores were superior when compared with the change in SF-12 PCS (8.8) and SF-12 MCS (3.3) scores in a study for FAI treatment in female patients at 6-month follow-up. 33 The late group's slim change of 0.7 points in the 2) scores at a minimum 1-year follow-up in a study of FAI treatment 8 in patients over the age of 25 years. Furthermore, the improvements in preoperative to postoperative PRO scores at 1-year follow-up in this study were comparable with 2-year follow-up studies of FAI treatment. 2, 12 For example, the early and late groups' mean changes in the mHHS score (20.2 and 20.7, respectively) were similar to the mean changes in the mHHS score seen in the studies with 2-year follow-up (20.7 2 and 22.8 12 ). Various factors in our study may explain why our PRO results differ from the other studies of surgeon experience in hip arthroscopic surgery. 19, 22 The surgeon in this study continued as an attending surgeon at the same institution where he completed his fellowship training. Transitioning to the start of his practice within a familiar environment may have been beneficial compared with surgeons who begin their career after fellowship training at a new institution. In addition, familiarity with operating room staff and equipment may have added to improved surgical conditions. Another factor may be the high volume of cases (N ¼ 62) that the surgeon performed during his first 15 months of practice. The surgeon in the Konan et al 19 study averaged around 17 surgeries a year for the first 100 cases, performed over 6 years, and in the Lee et al 22 study, the surgeon performed 40 consecutive surgeries in 2 years. A systematic review of high-versus low-volume surgeons performing shoulder arthroplasty and arthroscopic rotator cuff repair supports the phenomenon that low-volume surgeons have worse outcomes compared with high-volume surgeons. 39 Therefore, although our study demonstrates that surgeons may have successful outcomes performing hip arthroscopic surgery in the early phase of their career, performing these procedures on a regular basis may be an important factor for positive results. Further studies are needed to determine the relationship between hip arthroscopic surgery case volume and patient outcomes.
Limitations
The main limitation of this study was the use of a single surgeon's experience. While this can standardize certain confounders such as surgical technique and equipment used, the results may be highly dependent on the training and skill level of the surgeon. Larger studies analyzing PRO data in multiple newly trained surgeons need to be conducted to determine if our results are unique to the surgeon in our study. Another limitation of our study was the small cohort of 30 cases in each group. However, this study had sufficient statistical power for preoperative to postoperative PRO scores in both groups, confirmed by a priori and post hoc power analyses. No study has determined the exact number of cases that a surgeon requires to become proficient in arthroscopic FAI treatment. This study used 30 cases as a cutoff point based on previous studies of surgeon experience and hip arthroscopic surgery. 19, 37 More studies are necessary to investigate the true cutoff number, and our results indicate that it may be less than 30 cases. Additionally, our study's minimum 1-year follow-up prevented us from examining long-term outcomes after hip arthroscopic surgery. However, based on previous studies, patients undergoing hip arthroscopic surgery have been shown to achieve the minimal clinically important difference and substantial clinical benefit by 1 year postoperatively. 28, 29 Future longitudinal studies are needed to investigate the risk for revision surgery or conversion to total hip arthroplasty based on surgeon experience.
CONCLUSION
The total procedure time and traction time may decrease after a surgeon's first 30 hip arthroscopic surgery cases for FAI and labral tears, but patient outcomes can improve in a similar manner regardless of surgeon experience in the early part of his or her career.
